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577 ABSTﬁAcr '

A process for removing hydrogen sulfide from sour gas

streams is provided wherein the sour gas is passed in
- cocurrent flow relationship with a liquid alkaline ab-

sorption solution contammg a vanadium-boron complex
characterized by the properties of reacting with the H,S
thereby oxidizing [HS—] to elemental sulfur in conjunc-
tion with reduction of the vanadium while the boron
constituent is functional to inhibit formation of insoluble
vanadium sulfide compounds. Regeneration -of the ab-
sorption medium by contact with an oxygen containing
gas 1s enhanced by the provision of an iron-polyamine

~organic acid oxidation catalyst in the absorption liquid.

The process is a direct replacement for and may be

operated far more economically than conventional
Stretford processes.

30 Claims, 1 Drawing Figure
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METHOD OF REMOVING H,S FROM A GAS
STREAM UTILIZING BORON-VANADIUM AND
IRON COMPLEXES

This invention relates to a process for. remevmg hy-
_dregen sulfide from sour gas streams wherein the H>S is
converted to elemental sulfur in a liquid absorptmn
medium and the solution is then regenerated for reuse in
conjunction with recovery of the free sulfur.

BACKGROUND OF THE INVENTION

A. Prior Art Preeesses

In the 1960’s, Thomas Nicklin-and others devised a
method for continuous removal of hydrogen sulfide
from sour gas streams using an aqueous alkaline absorp-
tion solution containing sodium salts. of anthraquinone
~disulfonic acids resulting in the precipitation of elemen-
tal sulfur. During this work, it was found that addition
of sodium vanadates to the anthraquinone disulfonic
acid constituents improved the spread of conversion of
hydrogen sulfide to sulfur and increased the hydrosul-
fide loading of the washing agent. A comprehensive
disclosure of the method (referred to as the Stretford
Process) is contained in an article by Nicklin and E.
Brunner published during the 98th General Meeting of
the Institute of Gas Engineers meeting at London, En-
gland, May 16-19, 1961.

A number of patents have issued since that time in-
cluding U.S. Pat. No. 3,035,889 of May 22, 1962 which
teaches that when a gas containing hydrogen sulfide is
washed with an aqueous alkaline solution of one or
more anthraquinone disulfonic dcids, the hydrogen sul-
fide is oxidized liberating free sulfur as the anthraqui-
none disulfonic acid constituents are reduced. Recovery
of the elemental sulfur is disclosed as being feasible in
conjunction with reoxidization of the anthraquinone
disulfonic acids by passage of an oxygen containing gas
therethrough.

- In U.S. Pat. No. 3, 097 926 of Feb. 16 1963 Niklin, et
al. suggest that gases containing hydrogen sulfide may
be treated to convert the H>S to elemental sulfur by
bringing this sour gas into contact with a liquid alkaline
absorption solution containing a metal vanadate such as
sodium metavanadate, sodium orthovanadate or sodium
ammonium vanadate. In the course of this reaction the
vanadate is reduced and the [HS ] is oxidized to free
sulfur. In the ’926 Patent, it is also suggested that a
ehelatmg or sequestering agent such as sodium potas-
sium tartrate or other soluble tartrate or tartaric acid or
ethylene diamine tetracetic acid (EDTA) may be in-
cluded with the vanadate to enhance the selublhty of
the vanadate in the presence of [HS—). It is further
indicated that iron salts such as ferrous sulfate or ferric
chloride or salts of copper, manganese, chromium,
nickel and cobalt may be incorporated in the solution in
conjunction with a chelating agent such as EDTA or
one of its derivatives, a tartrate or tartaric acid to en-

hance oxidation of the reduced vanadate during regen- 60

eration of the solution.

In U.S. Pat. No. 4,049,776 of Sept. 20, 1977 Nicklin,
et al. suggest preparing a ferric ion sulfonated hydroxyl
anthraquinone disulfonic acid complex at a pH below 5
and then adding this mixture to the main body of a
vanadium-anthraquinone disulfonic acid system thereby

precluding precipitation of iron hydroxide in the ab-

serptxon medium.
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‘Humphreys & Glassgow Limited received United
Kindom Pat. Nos. 999,799 and 999,800 of July 28, 1965
describing a process for removal of hydrogen sulfide
from sour gas in which the gas is washed with a solution
of chelated iron of such nature that it is able to exist
dissolved in the solution in both the ferric and ferrous

-states. Thus, the ferric ion upon reaction with H>S is

reduced to the ferrous state as the hydrosulfide is oxi-
dized to elemental sulfur. The ferrous iron may then be
oxidized back to the ferric state using an agent such as
air. Exemp]ary chelating agents for the iron include a
number of amino acids preferably of the ethylene or
trlmethylene group. -

B. Advantages and Limitatieﬁs_ of Stretford Process

‘The Stretford process has met with substantial com-
mercial success with over eighty plants having been
built on a world-wide basis. Pollution abatement in a
widé number of industries has been one controlling
factor in its adoption and continuing use, particularly
where relatively stringent environmental regulations
must be met. Among the features of the process which
have resulted in its widespread application are: Re-
moval of hlgh levels of hydrogen sulfide even when the
inlet stream is at a relatively low pressure; selective
removal of hydrogen sulfide; high turn-down operation;
sxmple analytical testing w1th minimal technical super-
vision; rapid start-ups and shut-downs; the equipment
may be constructed primarily of mlld steel; and the
sulfur recovered is generally of salable quahty |

In spite of these attributes, many organizations faced
with ‘the necessity of treating a sour gas to remove
hydrogen sulfide therefrom seek alternate procedures to
the Stretford process; it is often employed only if no
other hydrogen sulfide removal method will reduce the
sulfur content of the gas to an acceptable level. The
primary reason for this avoidance of the Stretford pro-
cess if at all possible has been its relatively high operat-
ing costs because of loss of chemicals. The absorption
solution used in a typical Stretford process has been
found to be relatively unstable over prolonged periods
of time and make-up expenses are often times totally
exorbitant. In addition, sulfur fixation rates have been
found to be much hlgher than anticipated rendering
overall process economics even more subject to fluctua-
tions in the cost of chemicals. The instability of Stret-
ford solutions has caused many users to discard their
entire inventory of solution and recharge the system.
Because of the solution’s toxic nature, this has resulted
in numerous problems of dlsposa] for owners of Stret-
ford plants.

Stretford oxidation klnetles have been found to be
non-homogenous, first order reactions. The reaction
rate 18 somewhat influenced by increases in oxygen
pressure. As a result, it has been concluded that the
oxidation of Stretford solution is reaction rate con-
trolled rather than a function of mass transfer. Tests
were Initiated to determine the oxidation rates of 2,7
anthraquinone disulfonic acid (ADA) in solutions with-
out vanadium sequestrants. These tests found that the
oxidation rate increased with the addition of ADA up to
a concentration level of 1.3 to 1.5 grams per liter. In- -
creases in ADA concentration to 10 grams per liter
resulted in no increase in oxidation rate. Another series
of tests were conducted using vanadium sequestrants.
The addition of these sequestrants was found to slow
the oxidation rate and change the reaction mechanism
to homogenous first order. The ADA concentration
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was varied from 1 to 10 grams per liter during this series
of tests and found to affect oxidation kinetics by linear
relationship throughout the entire range of concentra-

tions. | o - -
- Some of the H3S removed from sour gas by a Stret-

ford unit is converted to sodium thiosulfate and sodium

“sulfate (both soluble salts) rather than elemental sulfur.
These salts accumulate in the solution. Consequently, in
commercial Stretford treatment plants, the alkaline
absorption solution must be regularly purged to avoid
precipitation of the least soluble components. This
purge requirement is a major factor affecting Stretford

chemical and operating costs.
Production of soluble salts is believed to proceed

through three reaction paths:
1. Oxidation of bisulfide producing sodium thiosulfate

| 2NaHS + 202—+Na2$20 3+ H;O
- 2. Formation of sodium thiosulfate by alkaline hydre-
lysis of elemental sulfur suspended in solution.

| QSg‘ +4NaoH—2N235,;03 + NaHS +H20

This reactwn 18 accelerated at elevated temperatures

and high solution pH. - -
3. Metabolic oxidation of sodium thiosulfate to so-

dium sulfate by Thiobacillus bacteria. The path is initi-
ated by certain trace elements in the system. Thiobacil-
lus are facultative bacteria, consequently, are capable of

growing with or without oxygen.
‘The stability of ADA in Stretford solutions has also

been investigated by a number of groups. Loss rates of
1-6% per day have been reported for commercial facili-
ties. This loss i is a major cost faetor for large installa-

tions. 3
The reduction reactlon of the Stretford process may

be represented by the followmg

ZV(OI.-I)4+ +3Ht +Hs—-+zvo+ + 4+ 6HO+S8°

The oxidation reaction is believed to be in accor-
dance with the following: -

4VOT T 4 10H0 + 0, <2RAL S 4v(OH)+ + 4HT
2,7 anthraquinone disulfonic acid'(ADA) in the Stret-
ford process acts as an oxidation catalyst. However,

there are also believed to be a significant side reaction in
the Stretford process which can be represented as:

V(OH)4+ +H+ +HS~—V(OH);S + +2H,0

where V(OH);s+ is used to indicate the vanadium sul-
fide compound produced since its exact species is not
known. The V(OH);S+ reacts in the oxidizer with
oxygen and sodium 1ons from the sodium vanadate and

- sodium carbonate in the Stretford solution to produce

Naz$203. Na3S5;03 1s an unwanted byproduct which is
one of the reasons purging Stretford solutions over time
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plished by bringing the sour gas into H3S absorbing
relationship with a liquid alkaline absorption medium
containing a unique vanadium-boron complex seques-

trant capable of oxidizing hydrosulfide in the solution to
elemental sulfur as the vanadium undergoes reduction

while the boron constituent functions to mhibit forma-
tion of insoluble vanadium sulfide compounds. The
solution may be readily regenerated by re-oxidizing the
reduced vanadium with an oxygen-containing gas with-
out deleteriously affecting recoverability of free sulfur
from the absorption medium by virtue of the utilization |
of a oxidation catalyst forming a part of the solution
which does not interfere in any way with functionality

s of the vanadium-boron complex.

The P-S Process of this invention is especially effec-
tive for treating H3S containing gas streams for recov-
ery of free sulfur therefrom by virtue of the fact that
chemical make-up is substantially less than that encoun-
tered with Stretford solutions (as little as one-tenth of
the cost), the P-S Process solution is a natural ‘buffer
thus eliminating the requirement of the Stretford pro-
cess that carbon dioxide be in the feed gas for pH con-.
trol and the P-S absorption solution is a natural biocide
and therefore does not present problems of microbe

- growth that have been encountered with solutions in

the Stretford process. The process described herein
handles the same sulfur loadings as comparable Stret-
ford facilities, the process steps of the P-S Process are
generally the same as the processing operations of the
Stretford process permitting conversion of existing
Stretford facilities to the P-S Process by simple change
of the solutions used therein, and the chemicals in the
P-S Process are considerably less expensive than ‘those
required in a typical Stretford process. |

In accordance with a preferred embodiment of the
present invention, the P-S Process involves utilization
of an alkaline liquid absorption medium which includes

a vanadium-boron sequestrant complex prepared by

combining a monovalent cation vanadate with a mono-
valent cation borate along with a buffering agent such
as sodium carbonate. A quantity of a reoxidation cata-
lyst is also included in the solution and preferably com-

- prises an iron chelate prepared by combining an iron
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are required thus raising the process chemical costs. 60

The V(OH),S+ also catalyzes the oxidation of ADA.
This unwanted reaction consumes ADA, further raising

chemical costs.

THE P-S PROCESS

The precess of removing hydrogen sulfide from sour
gas streams in accordance with this invention (herein
generically referred to as the P-S Process) 1s accom-

65

compound with a polyamine organic acid such as hy-
droxy ethyl ethylene diamine triacetic acid or ethylene

- diamine tetracetic acid. The sour gas stream is passed in

cocurrent flow relationship to the absorption solution in
a first absorption zone and then the solution is regener-

ated in a second, separate zone using an oxidizing me-

dium such as air or pure oxygen. Sulfur-free gas goes
overhead from the absorption zone; elemental su]f’ur is
recovered from the oxldlzmg Zone.

It is therefore, the primary object of the present in-
vention to provide a process for removing hydrogen
sulfide from sour gas streams which assures removal of
HzS at levels equivalent to that obtainable with conven-
tional Stretford processing operatlons without atten-
dant chemical losses encountered in Stretford plants
and utilizing chemicals which are less costly to buy than
those used in typical Stretford processes.

A further important object of the invention 1s to pro-
vide a process for removing H3S from sour gds streams
which allows the oxidation of H3S to sulfur to proceed
substantially stoichimetrically thus avoiding the forma-
tion of insoluble vanadium sulfides which when re-oxi-
dized would produce sodium thiosulfate. In the absence
of such stoichimetric reaction, insoluble wvanadate
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would co-precipitate with the sulfur product thus re-
sulting in vanadate loss and increase in the chemical
make-up required. |
Another important object of the invention is to pro-
vide a process for treating sour gas to remove H)S

therefrom wherein the use of anthraquinone disulfonic

acids in.the absorption solution is avoided. Metal sul-
fides in contact with oxygen result in oxidation of or-

ganic catalysts such as 2,7 anthraquinone disulfonic acid
generally used in Stretford processes. Oxidation of the .
organic catalysts is believed to occur through the for-

mation of intermediate peroxides or persulfates. Once
oxidized, the organic catalyst is ineffective as an oxida-
tion catalyst. | -

A further important object of the invention is to pro-
vide a process for treating hydrogen sulfide containing
- sour gas streams to convert the H3S to elemental sulfur
wherein the oxidizer is operated in a manner such that
dissolved oxygen in the liquid can be depleted before
total oxidation of the absorption medium occurs prior to
return thereof to the reduction zone, thus providing the

most effictent operation with minimum loss of chemi-
cals.

DRAWING
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A source of oxygen is connected to the lower end of
tank 30 and may take the form of a line 32 leading to a
source of air or pure oxygen and having a compressor
34 therein as well as a selectively controllable supply
valve 36. Means to mechanically agitate the solution in
tank 30 to assure intimate contact between the air and
the liquid may take a number of forms with a mechani-
cal stirrer 38 being illustrated for exemplary purposes
only. Sulfur froth is removed from tank 30 via line 40
while the re-oxidized liquid absorption medium is re-
moved from the bottom of tank 30 and conveyed via
line 42 to a combination surge and pump tank 44 also
optionally provided with a stirring device such as the
mechanical stirrer 46 schematically illustrated in the
drawing. The output line 48 from surge tank 44 has a
pump 50 therein and leads to the inlet of a heat ex-
changer 52. The outlet of exchanger 52 is joined to
supply line 18 communicating with the inlet of the mass
transfer device 14. Either cooling water or a heating
fluid such as steam may be passed through one side of
the heat exchanger 52 to control the temperature of the
liquid absorption medium returned to device 14 via line
18 depending upon the operating conditions established

- for a particular process.

235

The single FIGURE is a schematic representation in

simplified form of equipment useful for carrying out the
process of this invention and involving a mass transfer

and reactor reduction zone followed by an oxidizer.
The alkaline absorption medium undergoes reduction in
the first zone as elemental sulfur is produced without
formation of insoluble vanadium sulfide compounds and
the vanadium is then re-oxidized in the oxidizer with
sulfur going overhead as a froth.

DETAILED DESCRIPTION OF THE
INVENTION

As an alternate met_hci-d bf_ operating the process; part
of the re-oxidized absorption medium recycled from
oxidizer 44 may be directed via line 54 into the top of

'vessel 22 for countercurrént contact with the gas in the

- packed section 24. Valve 56 in line 54 allows selective

30

control over partial diversion of the absorption medium -
or total direction of the absorption agent to mixer 14 for

~ cocurrent contact with the gas. |

35

Sour gas to be treated and containing hydrogen sul- "

fide is introduced into the treatment process via line 10.
The gas stream may be natural gas containing H,S and
CO; along with other gaseous constituents, it may be
principally methane along with hydrogen sulfide and

very little else, refinery off gas containing H3S, synthe-

sis gas or coal gasifier gas both containing significant
levels of hydrogen sulfide, or other similar H;S contain-

ing gases. The sour gas is introduced into one end 12 of

an enhanced mass transfer mixing device 14 which also
has an inlet 16 for regenerated liquid absorption solution
supplied thereto via line 18. Device 14 may be of the
type which is a long tubular member having a series of
stationary angularly located blades therein which
causes the fluid flowing therethrough to follow a spiral
swirl path for intimate admixing of gas and liquids fur-
nished to the device. It is to be noted from the FIGURE
that the flow of sour gas and regenerated absorption
liquid through device 14 is in cocurrent relationship
such that the fluids leave the unit 14 through common
effluent line 20.

A packed column and separator vessel 22 is down-

stream from mass transfer device 14 whereby the influ--

ent to the packed column section 24 of vessel 22 enters
at the lower part thereof. Sweet gas separated from the

absorption medium is therefore allowed to go overhead

through outlet line 26 while the liquid absorption me-
dium collects in separator section 27. The liguid under-
flow from vessel 22 is directed via line 28 into the upper
end of oxidizer tank 30. |
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As briefly indicated above, the liquid alkaline absorp-
tion medium employed in the sulfur oxidation process of
this invention preferably includes a borate complex of
vanadate ion. The ratio of boron to vanadium on a
molar basis is at least 1:1 although the preferred compo-
sition is a 2:1 boron to vanadium molar ratio. The com-
plex may be prepared by the use of vanadium pentoxide,
or by monovalent cation vanadates such as sodium,
potassium or ammonium vanadate dissolved in aqueous
solutions of alkyl metal salts such as sodium carbonate.
These alkaline metal salts also have the function of
acting as a buffer in the overall absorption solution. The
borate may be added as boric acid or monovalent cation
borates such as ammonium borate, potassium borate or
sodium tetraborate. Borax may also be used in preparing
the vanadium-boron complex. o

Assuming that sodium vanadate is used in combina-
tion with the boron compound in preparing the absorp-
tion solution, it has been determined that there should
be at least 3.65 grams per liter of sodium vanadate based
on a solution loading of 500 parts per million hydrosul-
fide. Similarly, if boric acid is combined with the so-
dium vanadate, 5.6 grams per liter of H3BO3 should be
added. The sodium carbonate in the solution maintains
the pH thereof at the desired level of about 8.5 to about
9.5 and provides the alkaline solution for initial absorp-
tion of H3S and formation of hydrosulfide (H,S -+ Naj.
CO3—Na+HS—+NaHCO3). The amount of sodium
carbonate in the solution can range from about 0.1
molar to approximately 0.5 molar, i.e. 0.5 grams per liter
to 26 grams per liter. The preferred parameter is about
10 grams of sodium carbonate per liter of solution.

Insofar as the re-oxidization catalyst is concerned, if
ferrous sulfate is used as the iron source, one gram per
liter of FeS04.7H>0 should be provided along with a
polyamine organic acid, e.g. 1.85 grams per liter of
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hydroxy ethyl ethylene diamine triacetic. acid
(HEEDTA). It has been found that there should be at

least 0.8 moles of HEEDTA per mole of iron. Preferred

is 1.5 moles of HEEDTA or its equivalent per mole of
iron as Fe. Exemplary in this respect would be 0.0035 >

moles of Fe and 0.00537 moles of HEEDTA per liter of

solution.

The re-oxidation catalyst may be prepared by com-
bining various iron and polyamine organic acids. For
example, in place of HEEDTA, ethylene diamine tetra-
cetic acid may be used and as alternate iron sources, it
has been found that although ferrous sulfate is pre-
ferred, ferric chloride may be used as can be ferric
carbonate and ferric and ferrous hydroxides and oxides.
In view of the fact that it was discovered formation of !
vanadium sulfide intermediates during reduction of
vanadium results in rapid degradation of re-oxidation
catalysts such as ADA or iron polyamine agents signifi-
- cantly reducing their effectiveness with time, an impor-
tant aspect of this invention has been the discovery that
use of a vanadium-boron complex for [HS—] oxidation
 prevents degradatlon of re-oxidation catalyst such as

those of the iron-polyamine type. S
~ Generally speaking, the total residence time of the
“absorption liquid in the combination of mass transfer
device 14 and reactor vessel 22 should be about 10
minutes. In practical effect residence time in mixer 14
per se is generally no more than about 5 seconds. In the
- same manner, the total residence time of the solution in

10

20

235

30

~ oxidizer 30 should be approximately 40 minutes.

The pressure of the sour gas introduced through line
10 has no significant bearing on the operation of the
overall process and may vary for example from as little
as atmospheric to as much as 2,000 pst. If a substantial
- amount of carbon dioxide is present in the sour gas
causing the stream to have a high CO; partial pressure,
this has a depressing effect on the mass transfer of HaS
absorption but does not stop such absorption, it merely
depresses the same to a certain extent. The temperature
of the incoming gas is also not highly critical although
in most instances such gas will be approximately ambi-
ent or in the range of 60° F. to about 90 F. Insofar as
the absorption solution temperature is concerned, the
temperature should be somewhat elevated and gener-
ally in the range of about 85° F. to 150° F. The hotter
- the better in this respect with the primary limiting fac-
tor being the cost of heating the solution through the
medium of exchanger 52 and increasing thiosulfate for-
mation through sulfur hydrolysis. Best results are ob-
- tained if the solution is kept within the range of about
104° F. to approximately 122° F.

The temperature of the air or oxygen supplied to
- oxidizer 30 through line 32 is also not critical and 1s
“generally at ambient or the temperature thereof which 3>

results from compression of the same.
In the reduction zone made up of device 14 and reac-

tor vessel 22, the sour gas is contacted with the alkaline
agueous solution contammg vanadium-boron complex.
Since the H3S is absorbed in the sodium carbonate buff- 60
ered alkaline conditions of the absorption medium- and
forms [HS—] ions, the hydrosulfide 1s oxidized to ele-
mental sulfur and the boron-vanadium complex is re-
duced in accordance with the following formula:

35

40

45

50

65

2[V(OH)(BO,)3]* +3H+ +HS~—2V-
(BO2)2+ + +4H70+4-S°

8
The oxidation reaction on the other hand of the pres-
ent process may be represented as:

4V(BO7)y++ + 6H20 + O3 Fe—HEEDTA complex >

4[V(OH),(BO2)g]+ + 4H*

This chemistry results in substantially the same over-
all reaction as occurs in the Stretford process of H2S+ 3
0r,—S+4-H70.

It was dlscovered in this respect that the addition of
boric acid or a:similar boron compound to a solution
containing a vanadate will result in a vanadium-boron
complex where the vanadium undergoes reduction in
conjunction oxidation of hydrosulfide to elemental sul-
fur. The vanadium-boron complex was found to hinder
the production of VS,. To take advantage of this dis-
covery and provide a process which can be used to
remove H,S from gas streams, it was necessary to em-
ploy a new catalyst as a replacement for the anthraqui-
none disulfonic acid catalyst commonly used 1n Stret-
ford processes since the boron constituent of the com-
plex retards the catalytic affect of ADA. It was further
discovered in this respect that an iron complex of a
polyamine organic acid such as HEEDTA or EDTA
effectively catalyzes.the re-oxidation of the vanadium-
boron complex in a minimum of time and without inter-
ferring with removal and recovery of free sulfur from
the solution. -

Thus, since it is. 1mp0rtant to assure that the vanadlum
which undergoes reduction at the same time that hydro-
sulfide is oxidized remains totally in solution and does
not react with the sulfur to provide unwanted vanadium
sulfides, the vanadium must be totally complexed in the
system. It was discovered that a boron compound com-
bined with the vanadium compound used accomplishes
this function with the most effective results. The vana-
dium is therefore maintained in a totally homogenous
soluble state. In order to allow the vanadium-boron
complex to be used effectively though, it was found
essential to replace the anthraquinone disulfonic acid
oxidizing catalyst previously employed in Stretford
processes and in this respect, the iron-polyamine cata-
lyst described were found to promote re-oxidation of
the vanadium without interferring with the reduction
potential of the vanadium-boron complex in the mass
transfer and reactor zone of the process. Thus, 1t was
unexpectedly found that the vanadium-boron complex
is able to react with hydrogen sulfide and to be regener-
ated by simple air oxidation in a manner very similar to -
Stretford processes, at reduction and oxidation rates
comparable to those inherent in the Stretford process
and utilizing exactly the same eqmpment Another un-
expected benefit in this respect is the finding that the

amount of solution required to be purged per mole of
H3S removed is substantially less with the P-S process

than with known Stretford processes.

In the preferred process, the oxidation zone is oper-
ated in a manner such that the effluent thereof is only
partially returned to the fully oxidized state. This means
that dissolved oxygen in the oxidizer is completely de-
pleted prior to transfer of the solution back to the reduc-
tion zone. Oxygen in the reduction zone has the same
detrimental effect as sulfide in the oxidation zone. As a
result, it is desirable not to effect complete reoxidation
of the vanadium-boron complex in the oxidizer prior to
return thereof to the mass transfer device 14. In a pre-
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, ‘ferred operation for example, about 90% of the vana-
- dium flowing into the oxidizer 30 through the inlet line
- 28 has a valence of 4 whereas the V4 content of the
liquid leaving the oxidizer through line 42 is about 3%.

In the course of evaluating the solution oxidation-
reduction kmetlcs of the P-S Process it was determined

_that Stretford solutions consume more oxygen than
| -predlctcd by the general overall reaction cquatlon of

H>S + ﬁ_Oz—a-S --I- H20

The P-S Process solutlon, however, uses thc amount.

of oxygen antlclpatcd by the overall reaction. Table I
hereunder summarizes the results of the oxygen con-
sumption tests with both the P-S Process and the Stret-
ford process.

TABLE 1 |
GM/Liter
Stretford
Vanadium—ADA
Sodium vanadate 1.85
ADA-—2Na 3.0
ayCO3 26.0
P-S Process |
Vanadw
Sodium vanadate 3.68
H3BO;3 3.76
Fe—HEEDTA 2.85
Catalyst . |
Na»COs 28.60
i
% Stoichiometric
System Temp. C. - QOxygen Consumption
Aot 2 e vl A —dieliiedvisbaianid it
Stretford 24. 99.5
Stretford 335, 103.5
Stretford 40. 112.5
Stretford 45, 118.1
Stretford 56. 119.4
P-S 40, 99.8
P-S 40. 99.1
P-S 40. 98.6
P-S 40, 99.9
P-S 40. 98.8
P-S 40. 99,0
P-S 56. 103.0

The preceding tests support the conclusion that the
primary path for production of soluble sulfur salts is the
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oxidation of sulfide during the oxidation reduction cy- |

cle, since non-homogenous reaction kinetics and non-
stoichiometric oxygen consumption suggest the forma-
tion of an insoluble vanadium sulfide intermediate. The
reaction rate controlling step is the rate at which the
precipitate dissolves. Oxidation of the metal of the inter-

mediate metal sulfide produces thiosulfate rather than
sulfur.

I claim:
1. In a method of removing H,S from a sour gas by

oxidation of the HjS to free sulfur, the improved steps
of: -

bringing the sour gas into HZS absorbing relationship
with a liquid alkaline absorption medium whereby

H>S 1s absorbed and at least part thereof forms 60

[HS—1] ions,

said liquid absorption medium bcmg essentially de-
void of anthraquinone disulfonic acid compounds
and containing a vanadium-boron complex capable
of oxidizing the [HS—] ions to produce elemental
sulfur as the vanadium undergoes reduction and
the boron constituent functions to inhibit formation
of insoluble vanadium sulfide compounds and con-
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sequent thiosulfate formation upon re-oxidation of
the vanadium, |
the ratio of boron to vanadmm in said absorptlon'
medium being at least about 1:1;
regenerating the absorption medlum by adding an
oxygen source thereto to ox1dlze the reduced vana-
dium; and - ’

prowdmg a suffic1cnt quantlty of an iron complex

 catalytic agent durlng regeneration of the absorp-

- tion medium which is capable of catalyzing re-oxi-

dation of the reduced vanadium to enhance oxida-
tion of the latter without deleteriously affecting
recoverability of free sulfur from the absorption
medium. |

2. In a method as set forth in claim 1 wherein is in-
cluded the step of discontinuing re-oxidation of the
vanadium in said complex prior to stoichiometric com-
pletion thereof.

3. In a method as set forth in claim 1 wherein said iron
complex catalytic agent is provided by combining an
iron compound with a polyamine organic acid selected
from the group consisting of ethylene diamine tetraace-
tic acid and hydroxyethyl ethylene dlamlnc triacetic
acid.

4. In a method as set forth in claim 3 wherein said iron
compound is ferrous sulfate.

3. In a method as set forth in claim 3 wherein said iron
compound is ferric chloride.

6. In a method as set forth in claim 3 wherein said iron
compound 1s ferrous ammonium sulfate.

7. In a method as set forth in claim 3 whcrem said iron
compound is ferric carbonate.

8. In a method as set forth in claim 3 wherein said iron
compound is ferric hydroxide.

9. In a method as set forth in claim 3 wherein said
polyamine organic acid is ethylene diamine tetracetic
acid.

~ 10. In a2 method as set forth in claim 3 wherein said
polyamlnc organic acid is hydroxyethyl ethylene di-
amine triacetic acid.

11. In a method as set forth in claim 1 wherein said
complex is formed by combining a monovalent cation
vanadate with a monovalent cation borate.

12. In a method as set forth in claim 11 wherein said
monovalent cation vanadate is sodium vanadate.

13. In a method as set forth in claim 11 wherein said
monovalent cation vanadate is potassium vanadate.

14. In a method as set forth in claim 11 wherein said

‘monovalent cation vanadate is ammonium vanadate.
50

15. In a method as set forth in claim 11 wherein said
monovalent cation borate is sodium borate.

16. In a method as set forth in claim 11 wherein said
monovalent cation borate is ammonium borate.

- 17. In a method as set forth in claim 11 wherein said

monovalent cation borate is potassium borate.

18. In a method as set forth in claim 11 wherein said
monovalent cation borate is boric acid.

19. In a method as set forth in claim 11 wherein sald

monovalent cation borate is borax.

20. A method as set forth in claim 1 wherein said
liquid absorption medium includes sodium carbonate.

21. A method as set forth in claim 20 wherein said
sodium carbonate 1s present in an amount ranging from
about 5 grams thereof per liter of 11qu1d to approxi-
mately 26 grams per liter.

22. A method as set forth in claim 1 wherein the ratio
of boron to vanadium in said complex is approximately
1:1 on a molar basis.
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23. A method as set forth in claim 1 wherein the ratio
of boron to vanadium in said complex is approximately
2:1 on a molar basis. _ :

24. A method as set forth in claim 3 wherein is pro-
‘vided about 13 moles of said polyamine organic acid for
each mole of iron compound combined therewith.

25. A method as set forth in claim 1 wherein is in-
cluded the step of carrying out the absorption of said
H>S 1n said liquid absorption medlum at a temperature
within the range of about 85° F. to about 150° F.

26. A method as set forth in claim 1 wherein said

oxyg_en source 1s atr.
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27. A method as set forth in claim 1 wherem said
oXygen source i1s pure oXygen. |

28. A method as set forth in claim 1 wherein is in-
cluded the step of passing the sour gas in cocurrent
relationship to the-liquid absorption medlum durmg
absorption of H>S by the medium. |

29. A method as set forth in claim 28 wherein is in-
cluded the step of swirling the sour gas and said liquid
absorption medium during cocurrent flow relationship
to enhance contact therebetween, |

30. A method as set forth in claim 1 wherein said sour
gas and the liquid absorption medium are maintained in

reducing relationship for a time of about 10 minutes.
- k% ok %k ok
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